ABSTRACT
(MUTCD) chapter on traffic control signal warrant has nine warrants regarding signal installation 10 (3). One of these warrants deal with crash experience, and thus intersection signalization could be 11 considered as one of the major safety countermeasures. In Florida, traffic signal warrants are based 12 on the MUTCD 2003 (4). 13 14 While both traffic researchers and engineers have concerted efforts to reduce roadway crashes.
15
Nevertheless, in some occasions, gaps would occur between the research and actual practice. The 
24
The purpose of this paper is to validate the transferability of SPFs using different states/sources 25 (i.e., Ohio and HSM which developed based on data from Minnesota and North Carolina) and 26 apply SPFs from these sources to compare the CMF values for signalization in Florida. We located 27 the treated intersections which control type changed from two-way stop controlled to signal 28 controlled. Using these target intersections, before-after study is conducted using Empirical Bayes Where y is the registered crash counts, x is the covariate, β is the associated coefficient, λ is the 35 expected crash count, and EXP(i) is a gamma-distributed error term with mean 1 and variance  2 .
36
The addition of this term allows the variance to differ from the mean as below: 
Calibration Factor

42
Based on the definition in HSM, "calibration factor is a factor to adjust crash frequency estimates
43
produced from a safety prediction procedure to approximate local conditions. The factor is 44 computed by comparing existing accident data at the state, regional, or local level to estimates
obtained from predictive models." The calibration factor can be expressed in the equation shown 1 in equation 3, which the calibration factor equals to the summation of the observed crash count 2 divided by the summation of the predicted crash count using the SPF. Before and After Study using Empirical Bayes Adjustment
7
The Empirical Bayes (EB) method combines the strengths of a before and after study that uses 8 specific case-control techniques with regression methods for estimating safety. Unlike other 9 methods, it increases the precision of estimation and it also corrects for the regression to the mean 10 bias.
11
According to Hauer (26) , the safety performance can be estimated through the following steps:
12 13
Where ̂ =Expected crash count if there had been no treatment Afterward, we re-estimated E{k} based on SPFs and Calibration factors from different states and 21 calculated the predicted crash counts accordingly. Then we can get the updated ̂ after 22 substitution.
24
The method of the assigned weight is shown below as suggested by Hauer (26) . The weight is In this term, the overdispersion parameter γ is different for each SPFs.
35
After ̂ is calculated, Gross et al. (27) suggest to use ̂* to adjust the value of ̂ which can be 36 shown as:
39 40
Where ̂*= Expected crash count if there had been no treatment after adjustment 41 { }= predicted crashes before treatment
1
The CMF can be written in the form as follow:
Where ̂ = crash modification factor 4 λ = Observed after crash
When ̂ <1, the treatment has a positive effect; when ̂ >1 it is expected to have a negative 7 effect on safety performance.
9
The variance of CMF is shown in the equation below.
DATA DESCRIPTION 14 15 Data in Florida were collected and combined from the following five database sources; Roadway On the other hand, the Ohio data is collected from the Highway Safety Information System (HSIS). shown, if the variable is in before condition we inserted "Before", if it is after condition we inserted 12 "After".
14
The roadway variables include:
15
(1) Annual average daily traffic on major road (Maj_AADT)
16
(2) Annual average daily traffic on minor road (Min_AADT) is expected that the predicted crash count for each state based on its own SPFs are different.
43
Therefore, the calibration factor is needed to bridge this gap across regions. HSM and other research suggest that it is ideal to use the log of major AADT and the log of minor
12
AADT to develop SPFs. However, after developing SPFs using major and minor AADT as 13 separate variables, we found that the model fitness is worse than using the total AADT in Florida
14
and Ohio. In addition, the log of minor AADT is not significant in Florida. Therefore, we 15 estimated the models using the log of the total AADT. On the other hand, we applied the base The variables included in the model form can be explained as follows: The equations can be written in this form. The results in Table 2 , show that three variables were selected to be included in the final SPF.
5
According to the result, we could see that the coefficient is much different from each source. For 6 the models developed for Florida and Ohio, all listed coefficient is significant at 99 percent level. Table 2 , the SPF for rear-end is stated as the pound sign.
14
It is worth noting that in HSM, the suggested way to calculate rear-end crashes is to estimate 15 Carolina. However, the proportion factors are developed based on the data collected in California.
1
This inconsistency may cause potential bias when applying the SPFs to estimate rear-end crashes. The CMFs were calculated as shown in will become 1.062 and 1.072 which is significantly higher than using the SPF in Florida.
8 The calibration factors were estimated in this research as shown in Table 4 . In Ohio, the 12 calibration factors show the crash count is higher than that in Florida. Therefore, the calibration 13 factors for all crash severities and types are below 1. For rear-end crashes, the calibration factor is 14 as low as 0.23. This means that the rear-end crash count in Ohio is much higher than in Florida.
15
On the other hand, the SPFs suggested in HSM were developed using data from Minnesota and
16
North Carolina. It is worth noting that the number of KABC crashes depicted in HSM is much 17 less than in Florida. as shown in Table 3 with the calibrated ones shown in By plotting the CMF values in Table 5 to line chart as shown in Figure 2, higher than 1 and not significant. In addition, the rear-end crashes have a similar pattern which
18
11
CMFs from HSM and Ohio are also higher than Florida but not significant. The estimated CMFs were compared from this research with others. According to the results 8 shown in Table 6 , the CMFs for KABCO and KABC crashes in this research is not significantly 9 different from previous research (HSM (5) and NCHRP Vol. 491(15)). In fact, the results specified 10 in this paper have a lower standard error which indicates that the CMFs are more precise. 
